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Excess weight in adolescents has been designated as "one of the most serious public health challenges of the 21st century" by the World Health Organization \[[@CR1]\]. In the USA, 7.5% of adolescents aged 12--15 and 9.5% of adolescents aged 16--19 have severe obesity with an estimated body mass index (BMI) ≥ 120% of the 95th percentile for their age and sex. Comorbidities such as type two diabetes mellitus, hypertension, obstructive sleep apnea, and non-alcoholic fatty liver disease \[[@CR2], [@CR3]\] are associated with excess body weight.

Evidence of long-term weight control following lifestyle interventions in children is scarce. In addition, the majority of these interventions in adults proved ineffective in long-term weight control \[[@CR4], [@CR5]\]. Bariatric surgery in adults is widely accepted as a treatment for obesity. Moreover, the effect of bariatric surgery has proven to persist over many years, leading to a reduction in mortality and obesity-associated comorbidities \[[@CR6]--[@CR8]\].

Adolescence is a critical period for maturation. Risk-/reward-related regulatory function and obesity during this period put youth at far greater risk for poor developmental outcomes \[[@CR9]\]. Recent data indicated that children with obesity are likely to carry obesity to adulthood along with an increased morbidity and mortality risk \[[@CR10], [@CR11]\]. Furthermore, the risk of depression, anxiety, and personality disorders has risen among this population \[[@CR12]\].

Currently, adolescents either with a BMI ≥ 35 kg/m^2^ and major comorbidities or with a BMI ≥ 40 kg/m^2^ and minor comorbidities are candidates for bariatric surgery \[[@CR13]\].

The Metabolic and Bariatric Accreditation and Quality Improvement Program (MBSAQIP) database is the largest national bariatric specific database and includes data on patients less than 19 years old. The purpose of this study was to analyze the outcomes and safety of bariatric surgery in adolescents using the MBSAQIP database from 2015 to 2017 and to compare outcomes of bariatric surgery in adolescents to that of the adult population.

Methods {#Sec2}
=======

The MBSAQIP Participant User File (PUF) is the largest bariatric-specific clinical database and includes de-identified bariatric cases performed in MBSAQIP-accredited bariatric centers in the USA and Canada. The PUF contains data on preoperative patient demographics and comorbidities, intraoperative and postoperative variables, laboratory values, and 30-day morbidity outcomes. The institutional review board (IRB) exempted our study from full board review due to its retrospective design.

According to the World Health Organization (WHO), an adolescent is any person between ages 10 and 19. We used the 2015--2017 MBSAQIP PUF to identify all patients who are 19 years old or younger. We selected all primary laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-Y gastric bypass (LRYGB) procedures. All revisions were excluded from our analysis.

Our primary outcomes included serious adverse events (SAEs), organ space infection (OSI), 30-day reoperation, and 30-day re-intervention rates. Secondary outcomes included operation length, length of stay, and readmission rates. OSI was defined as an infection that occurs within 30 days after the principal operative procedure *and* involves any of the anatomy (e.g., organs or spaces), other than the incision, which was opened or manipulated during the operation *and* at least *one* of the following:A.Purulent drainage from a drain that is placed through a stab wound into the organ/space. This does not apply to drains placed during the principal operative procedure, which are continually in place, with continual evidence of drainage/infection since the time of the principal operative procedure.B.Organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space.C.An abscess or other evidence of infection involving the organ/space that is found on direct examination, during reoperation, by histopathologic or radiologic examination.

SAEs were defined as drain present at 30 days, unplanned intensive care unit (ICU) admission, intraoperative or postoperative cardiac arrest requiring cardiopulmonary resuscitation (CPR), intraoperative or postoperative stroke/cerebral vascular accident (CVA), coma \> 24 h, deep incisional surgical site infection (SSI), acute renal failure requiring dialysis, pulmonary embolism, intraoperative or postoperative myocardial infarction, postoperative vein thrombosis requiring therapy, pneumonia, ventilator \> 48 h, septic shock, or anticoagulation initiated for presumed/confirmed venous thrombosis or pulmonary embolus. The MBSAQIP definitions of all events included in our SAE composite score are available online at [www.mbsaqip.org](http://www.mbsaqip.org).

*p* values were calculated based on separate Mann-Whitney rank sum tests, chi-square, or Fisher's exact tests as appropriate, with *p* \< 0.05 denoting statistical significance and no adjustment for the multiple comparisons. SPSS version 25 (Armonk, NY: IBM Corp) was used for data analysis.
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Table [1](#Tab1){ref-type="table"} shows demographics of adolescent patients ≤ 19 years old. We found 1983 adolescent patients entered in MBSAQIP between 2015 and 2017 who underwent either a LRYGB or LSG. The average age and BMI were 18.1 and 47.5. Among the adolescents, 1568 (79.1%) were females and 415 (20.9%) were males. Among all adolescent patients, 78.2% underwent LSG and 21.8% underwent LRYGB.Table 1DemographicsAge (mean [+]{.ul} SD^b^)Gender (*n*, %)Pre-operative BMI^c^ (mean + SD^b^)LRYGB^a^ (*n* = 431)18.2 [+]{.ul} 1.0348 female (80.7%)83 male (19.35)49.0 [+]{.ul} 8.3LSG^a^ (*n* = 1552)18.0 [+]{.ul} 1.11220 female (78.6%)332 male (21.4%)47.2 [+]{.ul} 8.2Total (*N* = 1983)18.1 [+]{.ul} 1.11568 female (79.1%)415 male (20.9%)47.5 [+]{.ul} 8.3^a^LRYGB: laparoscopic Roux-en-Y gastric bypass; LSG: laparoscopic sleeve gastrectomy^b^SD: standard deviation^c^BMI: body mass index

Adolescents who underwent LSG had a significantly lower incidence of SAE compared with those who underwent a LRYGB (2.9% vs 6.5%, respectively; *p* \< 0.05). The incidence of re-intervention within 30 days was also significantly lower following LSG (1.2% vs 3% for LSG and LRYGB, respectively; *p* \< 0.05). The incidence of reoperation was not significantly different, following LSG compared with LRYGB (1.1% vs 2.3%; *p* = 0.05) (Table [2](#Tab2){ref-type="table"}). In addition, the incidence of 30-day readmissions was lower for LSG compared with LRYGB (2.6% vs 5.6%; *p* \< 0.05). On average, LSG took significantly less time to perform compared with LRYGB (74 min vs 98 min for LSG and LRYGB, respectively; *p* \< 0.05) (Table [3](#Tab3){ref-type="table"}).Table 2Primary outcomesSAEs^b^\
*n* (%)OSIs^c^Operation length (min)\
(Median, range)Length of stay (days)\
(Median, range)At least one reoperation within 30 days\
(*n*, %)At least one readmission within 30 days\
(*n*, %)At least one intervention within 30 days\
(*n*, %)LRYGB^a^ (*n* = 431)28 (6.5%)1 (.2%)98 (37--606)Mean = 108.52 (0--17)Mean = 2.010 (2.3%)24 (5.6%)13 (3%)LSG^a^ (*n* = 1552)45 (2.9%)4 (.3%)66 (1--395)Mean = 73.82 (0--32)Mean = 1.717 (1.1%)41 (2.6%)18 (1.2%)*p* value^d^\< .0001.93\< .0001\< .0001.05.003.006Total (*N* = 1983)73 (3.7%)5 (.3%)72 (1--606)Mean = 81.22 (0--32)Mean = 1.727 (1.4%)65 (3.3%)31 (1.6%)^a^LRYGB: laparoscopic Roux-en-Y gastric bypass; LSG: laparoscopic sleeve gastrectomy^b^SAEs: severe adverse events, including the following: drain present at 30 days; unplanned ICU admission, intraoperative or postoperative cardiac arrest requiring CPR, intraoperative or postoperative stroke/cerebral vascular accident (CVA), coma \> 24 h, deep incisional SSI, acute renal failure requiring dialysis, pulmonary embolism, intraoperative or postoperative myocardial infarction, postoperative vein thrombosis requiring therapy, pneumonia, ventilator \> 48 h, septic shock, anticoagulation initiated for presumed/confirmed venous thrombosis or pulmonary embolus^c^OSI: organ space infection^d^Based on separate Mann-Whitney rank sums tests, chi-square, or Fisher's exact tests as appropriate, with *p* \< .05 denoting statistical significance and no adjustment for the multiple comparisonsTable 3Intervention ratesGender (*n*, %)Pre-operative BMI^b^ (mean + SD^a^)Adult (\> 19 years) (*n* = 353,726)281,908 female (79.7%)71,818 male (20.3%)45.2 [+]{.ul} 8.1Adolescent ([\<]{.ul} 19 years) (*n* = 1983)1568 female (79.1%)415 male (20.9%)47.5 [+]{.ul} 8.3Total (*N* = 355,709)283,476 female (79.7%)72,233 male (20.3%)46.4 [+]{.ul} 8.2^a^SD: standard deviation^b^BMI: body mass index

The average pre-operative BMI of adolescents who underwent surgery was higher than those of adults who underwent surgery (47.5 vs 45.2 for adolescents and adults, respectively). Compared to the adult population reported in MBSAQIP between 2015 and 2017 (*n* = 353,726), we did not find any significant difference in the incidence of our primary and secondary outcomes except for the operation length which was longer in the adult population (89.5 min vs 81.2 min for adults and adolescents, respectively; *p* \< 0.05). Of note, readmission rates were not significantly different (3.3% vs 4.1% for adolescents and adults, respectively; *p* = 0.06) (Table [4](#Tab4){ref-type="table"}).Table 4Secondary outcomesSAEs^a^\
*n* (%)OSIs^b^\
*n* (%)Operation length (min)\
(Median, range)Length of stay (days)\
(Median, range)At least one reoperation within 30 days\
(*n*, %)At least one readmission within 30 days\
(*n*, %)At least one intervention within 30 days\
(*n*, %)Adult(\> 19 years)(*n* = 353,726)14,475 (4.1%)846(.2%)77 (1--720)Mean = 89.52 (0--139)Mean = 1.84761 (1.3%)14,509 (4.1%)5208 (1.5%)Adolescent ([\<]{.ul} 19 years)(*n* = 1983)73 (3.7%)5 (.3%)72 (1--606)Mean = 81.22 (0--32)Mean = 1.727 (1.4%)65 (3.3%)31 (1.6%)*p* value^c^.35.91\< .0001.87.96.06.74Total (*N* = 355,709)14,548(4.1%)77 (1--720)Mean = 89.42 (0--139)Mean = 1.84788 (1.3%)14,574 (4.1%)5239 (1.5%)^a^SAEs: severe adverse events, including the following: drain present at 30 days, unplanned ICU admission, intraoperative or postoperative cardiac arrest requiring CPR, intraoperative or postoperative stroke/cerebral vascular accident (CVA), coma \> 24 h, deep incisional SSI, acute renal failure requiring dialysis, pulmonary embolism, intraoperative or postoperative myocardial infarction, postoperative vein thrombosis requiring therapy, pneumonia, ventilator \> 48 h, septic shock, anticoagulation initiated for presumed/confirmed venous thrombosis or pulmonary embolus^b^OSI: organ space infection^c^Based on separate Mann-Whitney rank sums tests, chi-square, or Fisher's exact tests as appropriate, with *p* \< .05 denoting statistical significance and no adjustment for the multiple comparisons
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The twenty-first century has seen an enormous rise in the prevalence of obesity, reaching epidemic proportions among all age groups. Healthcare professionals have a critical role to play in preventing and managing obesity and its associated co-morbidities \[[@CR14]\]. The prevalence of the most severe class of obesity, class 3 obesity, defined as a BMI that is ≥ 140% higher than the 95th percentile (BMI of ≥ 40), doubled in adolescents between 1999 and 2012 \[[@CR15]\]. These rates imply that nearly 6 million children and adolescents in this country are carrying enormous fat reserves on their rapidly developing bodies during a critical period of their physical and psychological development \[[@CR15]\].

Adolescents with severe obesity are at elevated risk of developing adult conditions, including type 2 diabetes, obstructive sleep apnea, high blood pressure, joint problems, and non-alcoholic fatty liver disease \[[@CR16]\]. These conditions place adolescents at increased risk of developing chronic health problems early in life. Non-alcoholic fatty liver disease, for example, is now the leading cause of liver failure in adolescents \[[@CR17]\].

In recent years, bariatric surgery in adolescents has received significant attention and has been the topic of numerous publications \[[@CR18]--[@CR20]\]. The safety and effectiveness of bariatric surgery in this population has been evaluated in multiple studies including a number of meta-analysis and systematic reviews \[[@CR21]--[@CR23]\]. The outcomes of these studies have led authors to conclude that bariatric surgery is an acceptable treatment option for severe obesity in the adolescent population \[[@CR18]--[@CR23]\]. Some of these studies have focused on 30-day outcomes similar to our study \[[@CR24], [@CR25]\]. In a study using data from the University HealthSystem Consortium, Varela et al. reported similar complication rates and mortality between adolescents and adults who underwent bariatric surgery \[[@CR24]\]. Inge et al. further confirmed the safety profile of bariatric surgery in adolescents in a prospective, multisite observational study of 242 patients \[[@CR25]\]. However, despite the recent increase in publications on this topic, to our knowledge, this is the first study to report on the outcomes of bariatric surgery in adolescents based on a national bariatric specific database (MBSAQIP) and to compare the outcomes of surgery in adolescents to that of adults. Additionally, this is based on a larger sample size of adolescents and uses more recent data than the majority of available literature.

Numerous outcomes were reported in this study in order to assess the safety of LSG and LRYGB. We have previously reported on the use of SAE and OSI as an overall measure of outcomes using MBSAQIP \[[@CR26]\]. In addition to SAE and OSI, we also reported 30-day re-operations and re-interventions which can be a source of concern for any parents whose child is undergoing surgery.

In addition to the incidence of 30-day adverse events which are very important to clinicians and parents alike, we also looked at readmission rates because readmission rates are a major concern in accredited bariatric centers and arguably one of the most important outcome measures in bariatric surgery. Readmissions can lower reimbursement rates, affect patient satisfaction scores, and also result in increasing healthcare costs.

Our results showed that SAE, intervention, and readmission rates are lower following LSG compared with LRYGB. LSG was also the most commonly performed bariatric procedure in adolescents comprising 78.2% of procedures among patients who qualified for our study. We have previously reported on the outcomes of LSG and LRYGB in adults and found similar results \[[@CR27]\]. LRYGB is typically more invasive and can result in a higher rate of complications. However, the decision to undergo either LSG or LRYGB should be individualized because other factors need to be taken into account like excess weight loss and long-term success. Although there is limited long-term data available regarding outcomes after bariatric surgery in adolescents, studies in adult populations have suggested that RYGB may result in greater %EWL, improved dyslipidemia outcomes, and a lower incidence of postoperative gastro-esophageal reflux disease \[[@CR28]\]. All this data should be discussed with families in the context of a multidisciplinary approach before a surgical procedure is chosen.

Outcomes of bariatric surgery in adolescents are of crucial importance to clinicians and parents. Any complication in an adolescent can have substantial implications on the adolescent's future as well as his or her entire family. Although the safety and efficacy of bariatric surgery have been well established \[[@CR18]--[@CR23]\], there are limited studies comparing the safety of bariatric surgery in adolescents to that of adults based on larger sample sizes. In our study, we found no difference in outcomes between adults and adolescents which suggest that in the context of a comprehensive and multidisciplinary program, adolescents can safely undergo bariatric surgery and expect outcomes similar to that of bariatric surgery in adults. Of note, the readmission rate in adolescents was no different than that of adults. There was a trend for lower readmission rate in adolescents. This may be attributable to better preoperative education and closer postoperative follow-up and better support system at home given the age of the patient.

The study has several limitations. First, the definition of SAE in our manuscript only includes complications that result in intervention or reoperation; other complications, which may be considered significant by patients and providers, were not included. For example, patients who develop pulmonary embolism (PE) or a deep venous thrombosis (DVT) and managed by anticoagulation, although considered significant by many, were not included in our definition of SAE. Second, our model does not capture any patient who develops a SAE after the first 30 days because the PUF was limited to the first 30 days. Patients who develop a late leak following LSG, for example, are not captured by our model. Additionally, bleeding is not directly reported in the MBSAQIP PUF unless the patient received a transfusion. Our study captures transfusions as an intervention within 30 days of operation but does not directly evaluate bleeding as an outcome. We also did not include any band patients. Although LSG and LRYGB are the two most commonly performed procedures, certain pediatric obesity management centers are still performing band placement. Additionally, the data is based on the analysis of a clinical database entered in a prospective fashion with all the inherent limitations of such a database including the inability to account for some confounding factors such as operative technique, institution specific protocols, and the indications for reoperation and re-intervention Also, the data does not include any outcome measures from beyond the first 30 days following surgery. Although most serious complications occur within the first 30 days, long-term complications following bariatric surgery can always occur and are of significant consequence in adolescents. These long-term outcomes are unfortunately not captured in our study. Lastly, it is difficult to determine the clinical meaningfulness of statistically significant differences in outcomes. Given that adjustments were not made for the multiple comparisons, there is a possibility that type I errors could account for these differences.

Conclusion {#Sec5}
==========

Bariatric surgery in adolescents appears to have a safety profile that is similar to that of adults based on analysis of the MBSAQIP database. In adolescents, patients who underwent LSG had fewer SAE, re-intervention, and readmission rates compared with patients who underwent LRYGB. There was no difference in 30-day outcomes between adolescents and adults.
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